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Introduction:  The wet chemistry experiments on 
the Sample Analysis at Mars (SAM) instrument were 
designed for the extraction and identification of refrac-
tory organic chemical components in solid samples 
using gas chromatography-mass spectrometry (GCMS) 
[1]. The chemical derivatization agent used, N-methyl-
N-tert-butyldimethylsilyl-trifluoroacetamide 
(MTBSTFA), was sealed inside seven Inconel metal 
cups present in the SAM Sample Manipulation System 
(SMS). Although none of these foil-capped derivatiza-
tion cups have been punctured on Mars for a wet 
chemistry experiment, data from SAM has shown that 
some MTBSTFA vapor leaked into the SMS [2]. Here 
we report preliminary results from an MTBSTFA deri-
vatization (MD) GCMS experiment that was optimized 
for the detection of MTBSTFA residual vapor reaction 
products with refractory organic compounds and other 
molecules present in the Cumberland (CB) mudstone 
sample, known to contain organic molecules [3].  
Discussion: MTBSTFA can react with a broad 
range of molecules containing a labile hydrogen such 
as alcohols, primary and secondary amines, carboxylic 
acids and amino acids in the free form. The silyl ester 
products of these molecules are typically much more 
volatile than the original non-derivatized molecule, 
which enables the transfer of the MTBSTFA deriva-
tives for GCMS analysis [4]. In the MD2 experiment, 
the initial abundance of MTBSTFA released from the 
Cumberland "doggy bag" triple portion was found to 
be in the µmol range. In Figure 1, several key masses 
detected by GCMS that correspond to potential high 
molecular weight MTBSTFA reaction products are 
plotted. Several masses up to m/z 358 (the highest yet 
detected after pyrolysis of a sample by SAM on Mars) 
are observed in the MD2 GCMS analysis of the CB 
triple portion mudstone sample, but were not identified 
above background level in the twice-heated CB residue 
analysis that served as a blank (e.g. m/z 281 at reten-
tion time 13.1 min, Fig. 1). Numerous peaks were de-
tected by GCMS above background and we are contin-
uing to work to identify the derivatized compounds. 
Our preliminary results from MD2 compared to the 
control experiment indicate that several MTBSTFA 
derivatized aromatic hydrocarbons may be present in 
the sample. Chlorobenzene, a chlorohydrocarbon that 
is not derived from MTBSTFA-perchlorate reactions 
[3] was also detected by GCMS in the MD experi-
ments. This chlorobenzene may originate from reac-
tions between oxychlorine species and metastable oxi-
dized aromatic hydrocarbons in the Cumberland sam-
ple [5]. 
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Figure 2: Comparison of some specific high masses for (top) the CB 
sample and (bottom) the CB blank for MD2 experiments, after the 
sample has been cleaned out of part of its O2 in MD1.  
 
Conclusion: These experiments represent the first 
successful MTBSTFA derivatization experiment on 
Mars. Several MTBSTFA reaction products were gen-
erated during reactions with the Cumberland mudstone 
sample at elevated temperatures, with some products 
containing mass fragments up to m/z 358.  We are con-
tinuing the analysis of this interesting data set to identi-
fy these derivatization products that should shed addi-
tional light on the chemical nature of the organic mat-
ter present in the CB mudstone.   
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